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Abstract 
The hydrothermal activity represents an evidence of high-energy submarine processes related to active or recent 
volcanism. Shallow hydrothermal vents represent a unique study opportunity due to the easy access to the vented 
fluids. The hydrothermal fluids released off the coast of Panarea Island (Aeolian arc, Italy) have been intensively 
investigated since mid 80’s. The sudden unrest of submarine volcanic activity occurred on November 2002 with a 
submarine low-energy explosion, dramatically changed the geochemical features and the degassing rate of the 
submarine hydrothermal vents and pushed the scientists to develop new methods to monitor the venting activity. A 
better inside of the whole submarine hydrothermal system has been achieved by the development of new 
investigations methods and geochemical models. The new information closely linking the geothermal and the 
volcanic activity of the Island require that a continuous monitoring of the submarine hydrothermal activity is carried 
out.
A new sea-floor observatory has been developed for multidisciplinary monitoring activity and to perform real-time 
data transmission from the sea bottom. Among the other sensors, an acoustic probe, installed for a long-term 
recording of the sound of the bubbling gases in a frequency range of 0.5-3 kHz, gave useful information of a tight 
link between the submarine volcanic activity of Panarea Island and the crater explosions of the nearby active volcanic 
island of Stromboli. 
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1. Introduction 
The submarine hydrothermal activity is the evidence of high energy submarine processes mainly related 
to active or recent volcanism. Hydrothermalism is a widespread phenomenon related to the ocean ridges. 
In the Tyrrhenian sea it is connected with its complex geodynamic setting that gave rise to many 
seamounts [1], volcanic islands [2] and the volcanic arc of Aeolian Arc islands [3] where the most 
active shallow depth hydrothermal system is located (figure 1). The Panarea hydrothermal vents are 
located about 2km off the eastern coast of the island release gases and thermal waters of a volcanic origin 
that have been studied since mid 80s. 
Their volcanic origin has been dramatically confirmed in November 2002 when a sudden unrest of the 
volcanic activity induced a submarine low-energy explosion which increased the degassing rate of the 
hydrothermal vents by several orders of magnitude (from 105 to 107 moles/day of CO2; [4]) and pushed 
the scientists to develop new methods to monitor the submarine volcanic activity. 
In the mainframe of the PEGASO project funded by European Structural Funds we developed a modular 
submarine facility named SMM – Submarine Monitoring Module, able of monitoring the volcanic fluids 
vented from any submarine hydrothermal area. The SMM, sea-floor monitoring module, has been 
developed for real-time data transmission from the sea bottom and equipped with multidisciplinary 
sensors. The whole system is composed of a sea-floor module and a buoy, linked together by a cable. The 
new system was tested off the island of Panarea (Aeolian Islands, Italy), where the chemical features of 
the fluids and the physic-chemical conditions of the sea water surrounding the hydrothermal vents make 
this submarine area an extreme environment.  
2. The SMM system 
The Sea-floor Monitoring Module, SMM, is composed of: 1) a sea-floor observatory that provides 
communication with sensors and data collection and 2) a surface buoy which exchanges information, 
feeds the bottom station and is constantly visible on the net by a GPRS modem. Both of the parts are 
planned to work as independent facilities. 
2.1. The seafloor observatory 
The seafloor observatory tested at Panarea island is small and light to be easily deployed and/or removed 
by divers during the tests carried out at a depth of 23m, although it was planned to work up to a depth of 
1000 meters. The seafloor module contains a mini PC and a data logger. The data logger samples data 
such as water temperature, pressure and a special sound sensor, while the mini PC records images from a 
webcam and samples the underwater sounds using a hydrophone. We used a mini PC based on EPIA-PX 
Pico ITX main board made by VIA technologies and an SSD device as hard disk and Windows XP as 
operating system. The PC turns on every hour, records data from the hydrophone and the webcam, 
downloads and records data from the data logger and then turns off. It is possible to avoid the last phase 
(turning off) in order to download data, install new programs or for maintenance. The PC is connected to 
internet by the GPRS modem/router located on the buoy, as such all communications are internet-based. 
The data logger is equipped with a 12bit A/D converter, 128Kb of RAM, 512 Kb of flash memory and a 
RTC. It collects temperatures, pressure and sonic data at fixed time intervals and stores them in its 
internal flash memory. 
The software is organized in independent modules so they can be easily replaced and any eventual error 
or crash of one of them doesn't stop the system leaving all of the other modules working. 
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After the power switches on, the computer system inside the seafloor module automatically starts. It sets 
the system clock using an internet time server and then starts the acquisition modules. The monitor 
module checks then for special messages on the server: if it finds some message it stays awake, otherwise 
it shuts down until next awakening. 
All of this electronics are fitted inside a vessel equipped with submarine connectors tested at a depth of 
1000 meters. The connectors can be operated underwater so there is no need to move the unit to the 
surface for maintenance of the external sensors. 
2.2. The buoy 
The buoy provides power to the whole system and links the sea floor 
observatory with internet. It is composed by a large steel chassis (2.4m 
in diameter by 40 cm in height; 1600 kg of net weight) protected by a 
plastic film. The buoy is equipped with a control unit (BCU), a 
meteorological station, four solar cells and three internal batteries.  
A GPS unit and three accelerometers monitor the buoy position and 
movements. A GSM modem provides direct access to the BCU and the 
meteorological station and it is used to send alarms (SMS messages) 
like buoy disengagement or high power consumption of some modules. 
The BCU is hosted inside a waterproof vessel and monitors the power 
of the other modules thus they can be switched on and off remotely. The 
BCU hosts a GPRS modem/router that allows interned-based 
communications with the sea floor observatory. The GPRS modem is 
always connected to the net and allows remote control of the whole 
system. 
A special reinforced cable joins the buoy and the seafloor 
observatory. It is composed of 10 twisted pairs: 4 of them are employed 
to feed the electrical power to bottom station (mini PC, data logger, 
sensors), the others are used for ethernet communication.  
The data from the SMM are collected and recorded on a database 
located on the main land (base station). The code expressly written to 
remotely manage the SMM-type stations can automatically perform 
some data analyses and can release alarms allowing operators to 
investigate on them. A friendly-user interface (figure 3) allows easy and 
quick check of both system conditions and settings and shows the 
meteorological data. 
Figure. 2. Photomontage showing the whole SMM observatory. The 
pictures are taken off the island of Panarea where the bottom 
observatory is anchored at the sea-bottom by concrete blocks at a depth 
of 23m close to venting gases. All the cables from the sensors are linked 
to the underwater connectors bolted on the vessel.  A 1500 kg heavy cast 
iron solid block and a chain anchor the surface buoy. A special berth 
avoids interferences between the chain and the cable.       
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Figure 3. Managing software interface. 4 pages show data about sensors, alarms, data logging, and GSM connections and allow 
remote changes of the settings. On the left side of the picture the data about system conditions are shown, while meteorological and 
positioning data are shown on the right side. 
2.3. The acoustic data  
Among the others, the collected acoustic data are here proposed to show both the technological features 
and their scientific application to better understand the ongoing volcano-geothermal activity. Similar 
experiences, such as continuous recordings in the Aegean Sea [5] and NE Taiwan [6] or the long-term 
monitoring (one year) at the TAG hydrothermal mound [7], were mostly focused on temperature and 
bottom pressure measurements. Considering the venting style of the Panarea hydrothermal fluids, mainly 
made of bubbling gases, focused our investigations on the gas flow rate monitoring to detect possible 
modifications with the time. We monitored the acoustic emission produced from submarine gas bubbles 
by an experimental probe sensitive to the sound emitted during the bubble formation [8]. The acoustic 
noise at the vent covers a frequency spectrum from 0.5 to 3 kHz as a function of the bubbles size. The 
sound intensity produced by the whole spectrum is recorded as analogical signal and turned into digital 
pulses providing a signal which intensity per time unit (counts sec-1) is proportional to the flux of the 
released gas. Besides the acoustic data, the temperature of the thermal waters was measured by Pt100-
type probes located inside the hot vents and in the sand five meters apart from the vented hot waters. The 
comparison of both the temperatures helps to discriminate whether the temperature variations in the 
thermal water are induced by cold sea water currents, earth tides and/or internal variations. 
As an example of the data treatment figure 4 shows in 4 simple steps how periodical changes 
(oscillations) can be removed from the rough data to check if events able to induce sudden and sometimes 
strong modification to a steady-state degassing  have occurred. 
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Figure 4. Example of removal of periodicities from the rough acoustic data. See text for details
The data set was investigated for the existence of strong periodicities. The original data (black line) 
recoded from July 2008 to July 2009 are plotted (fig. 4a) together with the data after removing the 
periodicities of 12-14 hours and 14 days. The residual periodicity (red line, fig. a) shows the occurrence 
of seasonal variations besides some spikes not related to any periodical change. Fig. 4b shows an 
enlargement of fig 4a (zoom on a three weeks time span). The tidal component has been removed and the 
processed data (red line) exhibit a high-frequency noise. Figure 4c shows the same data after analysis by a 
LPF (low pass filter): an oscillation still exists that is not related to effects of the natural system, but 
probably to the data collection (e.g. data missing or slight faults in calculations). The frequency analysis 
of the residual values (red line in fig. 4c) is shown in figure 4d. That graph, obtained after removal of all 
cyclical changes (fig. 4d), shows that the adopted procedures were correct, so no sudden changes 
occurred to the venting gases during that time. 
Such a simple de-trending procedure allows us to recognize the occurrence of “disturbances” not driven 
by periodical effects (tides, moon phases etc). Disturbances to smooth venting of the hydrothermal fluids 
can be related to storms or to geodynamic events as already observed at the Panarea submarine gas 
emissions [9] 
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3. Conclusions 
The recent progresses in seafloor monitoring observatories developments has allowed us to perform a 
real-time data transmission by the SMM (submarine Monitoring Module) device, a new system composed 
of a seafloor observatory connected to a buoy by a special cable. The collected results, even though they 
are still considered as “experimental” provided useful scientific information to better constrain the 
submarine hydrothermal activity off the island of Panarea (Aeolian islands) and its relationships with the 
local geodynamic and volcanic activity. The adopted technological solutions may become “old” in a short 
time due to the quick improvements of the industrial market of both electronic and computer devices, 
however the experiences carried out at the extreme marine environment of Panarea hydrothermal area 
largely improved the experience on the corrosion strength of the adopted materials.   
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